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PollutionAbstract The present results show that the fertilization and hatching rates, as well as the develop-
ment of the embryos of common carp are adversely affected by heavy metal pollution. The degree of
this effect depends on the duration and the concentration of the heavy metal used. Malformation of
the yolk sac and curvature in the abdominal region were also observed throughout this study. No
statistical difference was recorded between the polluted group which was supplemented with vita-
min C (300 mg/kg of dry feed), and the control group (P< 0.05). The newly hatched larvae showed
severe body malformation, and they were not able to swim or feed. Other organs such as the kidneys
and livers were also affected. The most important changes in the kidneys of common carp were
glomerular expansion and the reduction of Bowman’s space. No abnormalities or alterations were
observed in the livers of the control ﬁsh. However, the main alterations were observed in the liver of
treated ﬁsh with cadmium chloride that were either single or mixed with zinc acetate. The most
important changes in the livers of common carp were hypertrophy nucleus and vacuolation in
cytoplasm. Addition of vitamin C with dry feed showed an improvement in the tissues of livers
and kidneys of polluted ﬁsh.
ª 2015 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Heavy metals produce toxic effects on tissues of various terres-
trial and aquatic animals (Sastry and Agrawal, 1979). Among
the aquatic fauna, ﬁshes are the most sensitive group (El-
Gamal, 2002). The most well-known paths of material toxicity
to ﬁsh were described in terms of juveniles and adults, but they
Table 1 Toxicity effect of cadmium chloride, zinc acetate and
their mixture on the percentage of fertilization (96 h post-
hatching) and hatching rates (5 days post-hatching) of common
carp, Cyprinus carpio.
Experimental trials Hatching
rate (%)
Fertilized
eggs (%)
Deformed
eggs (%)
Control 86 ± 0.816 94 ± 0.816 5 ± 0.816
0.03 mg of CdCl2/l 70 ± 0.816 81 ± 1.699 12 ± 4.297
0.06 mg of CdCl2/l 61 ± 1.247 71 ± 1.699 24 ± 0.816
0.03 mg of CdCl2/
l + 2 mg of zinc acetate/l
45 ± 1.247 53 ± 1.699 28 ± 4.450
0.03 mg of CdCl2/
l + 2 mg of zinc acetate/
l + 300 mg vitamin C/l
59 ± 1.247 70 ± 1.632 14 ± 0.816
*Total number of eggs in each treatment was 300.
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bolic processes are similar to those that are older. Heavy met-
als can also cause endocrine disruption in ﬁsh. For example,
cadmium was reported to reduce thyroid hormone levels
(Hontela et al., 1996), inhibit estrogen receptors (Le Gue´vel
et al., 2000), and disrupt growth hormone expression (Jones
et al., 2005). Thus heavy metals adversely affect various meta-
bolic processes in the developing embryos of ﬁsh. This results
in developmental, morphological, and functional anomalies or
death of the most sensitive individuals.
Cadmium is known to disturb calcium uptake as it reduces
the Ca2+-ATPase activity (Reddy et al., 1988; Wong and
Wong, 2000). Cadmium is also known to reduce the activity
of various oxidative enzymes such as citrate synthetase
(Couture and Kumar, 2003) and succinate dehydrogenase
(G6PDH) (Gargiulo et al., 1996).
Zinc in the form of zinc acetate is presumably an essential
structural catalytic and regulatory micronutrient for many
enzymes. It is also critical for protein synthesis, cell prolifera-
tion, growth development, and reproduction (Hogstrand and
Wood, 1996). On the other hand, high concentrations of zinc
are likely to be toxic as Zn is known to impair ion regulation
(McGeer et al., 2000) and cellular energy production (Dineley
et al., 2005).
Additional vitamin intake through the use of nutrient sup-
plementation can help speed up the removal process.
Therefore, daily supplementation of vitamin C and selenium
is likely to protect animals by helping to eliminate heavy met-
als (Soul, 2005).
Little information is available on the effect of heavy metals,
especially cadmium and zinc, on early stage larvae of common
carp, Cyprinus carpio. Therefore, the purpose of the present
study was to evaluate the effect of sub-lethal doses of cadmium
chloride and zinc acetate on the embryonic development and
on the growth of common carp larvae as well as their capabil-
ity to survive. Also, the addition of vitamin C in dry dietary
feed was used to study its role in the protection and recovery
of these larvae from heavy metal poisoning.
Materials and methods
Experimental design
Semi-natural spawning of common carp, C. carpio, was carried
out at El-Serow Station during the middle of the spawning sea-
son (15 May, 2013). To obtain larvae at ﬁxed time, the spawn-
ing occurred after one female (2 kg weight) and one male
(1.5 kg weight) spawned naturally together. These breeders
were characterized by running of milt with slight pressure on
the abdomen of the male. As for the female, it displayed a soft
round abdomen; a few eggs appeared after slight pressure on
the abdomen had been exerted (El-Gamal, 2000). After a per-
iod that ranged from 4 to 5 days post hatching, or absorption
of the yolk sac. After that, 1600 small fry were grouped
together in a holding tank of 250 L capacity. For experimenta-
tion, the larvae were divided among ﬁve glass aquaria of 50 L
capacity (one was used as a control and four aquaria were used
for experimentation) and other ﬁve for replicates. Each aquar-
ium ﬁlled with de-chlorinated water is housed with 300 larvae.
About half of the contained water in each aquarium was
renewed every 2 days, was adjusted for: pH (7.0–7.5), dissolvedoxygen (6.5–7.5 mg/l) and water temperature (25–27 C).
Cadmium was used in the form of cadmium chloride (CdCl2)
and zinc was used in the form of zinc acetate (di-hydrate Zn
(O2CCH3)2 (H2O)2). The exposure regimes were designed to
reﬂect the effects of heavy metals such as cadmium, zinc,
and their mixture together in the tanks to mimic the polluted
water in Manzala Lake. Dose response was generated by test-
ing each of the metals separately, and then by testing their mix-
ture as well. All were calculated in 96 h-LC50; the value of Cd
and Zn was 0.1 and 5 mg/l, respectively. The ﬁrst aquarium
was used as a control without any additives, however in the
second aquarium, a sub-lethal dose of 0.03 mg of CdCl2/l
was added, while in the third aquarium a dose of 0.06 mg of
CdCl2/l was added, but in the fourth glass aquarium, a mixture
of 0.03 mg of CdCl2/l and 2 mg of zinc acetate/l was added.
Finally, water of the ﬁfth aquarium was polluted with 2 mg
of zinc acetate/l mixed with 0.03 mg/l of CdCl2. In this exper-
iment, 300 mg of vitamin C/kg of dry feed was used for protec-
tion and recovery. The ﬁsh were fed twice daily with a diet that
contained 25% protein, the experiments extended for two
months post hatching.
Sample collection
Eggs with embryonic development were examined under a
stereomicroscope to ﬁnd out the effect of polluted water on
hatchability. The mortality rate was daily recorded and the
dead larvae were removed. In order to examine the condition
of embryos inside the eggs, fertilized eggs were ﬁxed in
Serous ﬂuid (600 ml of alcohol 96%+ 300 ml formaldehy-
de + 100 ml acetic acid) and immersed in turpentine oil for
transparency (Szczerbik et al., 2008).
The samples were collected after 7, 15, 21 and 60 days post-
hatching. Total number of larvae in each treatment was 150.
The average total lengths in cm and total weights in gm for lar-
vae in each treatment were recorded. Small parts of liver and
kidney were isolated in each treatment and preserved in
Bouin’s ﬂuid.
Histological observations
For histological study, 10 newly hatched fry were collected,
and all the fry were ﬁxed in Bouin’s ﬂuid for about 24 h.
The tissues of kidneys and livers of the large ﬁngerlings were
isolated and ﬁxed in Bouin’s ﬂuid, dehydrated in descending
Cadmium chloride, zinc acetate, their mixture and mitigation with vitamin C supplementation on Cyprinus carpio 221series of ethanol, cleared in xylene, and then embedded in wax
(56–58 C). Sections were cut at 5–6 l then stained with
Harries hematoxylin and counterstained with Eosin. Alcian
blue-PAS reaction was also used according to Mousa (1994).
Statistical analysis
Statistical signiﬁcance between the untreated groups and the
treated ones was carried out according to Sokal and Rohlf
(1969).
The t-test was used to ﬁnd out the statistical signiﬁcance
between the growths of ﬁsh in each treatment compared to
the control.
Results
Fertilization and hatching rates
The percentage of fertilization and hatching rates and
deformed eggs were recorded 96 h post-hatching (Table 1).
When compared to the control group, it was found that the
both rates in the larvae treated with either cadmium chloride,
zinc acetate, or a mixture of both had decreased. Fertilization
and hatching rates decreased with the increase in the concen-
tration of the heavy metals. However, the lowest values were
recorded in case of the mixture of both compared to the con-
trol group (P< 0.05). On the other hand, the supplementation
of vitamin C with the mixture of both contaminants led to an
improvement in the percentage of fertilization and hatching
rates compared to the trials with heavy metal individually, or
mixture of both still remained lower than those of the control
groups (Table 1).Table 2 Effect of toxicity of cadmium chloride, zinc acetate, and the
21 days post-hatching.
Experimental trials Growth i
Min. M
Control 1.15 2.
0.03 mg of CdCl2/l 1.0 2.
0.06 mg of CdCl2/l 0.8 1.
0.03 mg of CdCl2/l + 2 mg of zinc acetate/l 0.7 1.
0.03 mg of CdCl2/l + 2 mg of zinc acetate/l + 300 mg vitamin
C/kg of dry weight
0.9 2.
Table 3 Effect of toxicity of cadmium chloride, zinc acetate, and th
hatching.
Experimental trials Growth
Min. M
Control 2.7 5
0.03 mg of CdCl2/l 2.1 3
0.06 mg of CdCl2/l 1.8 2
0.03 mg of CdCl2/l + 2 mg of zinc acetate/l 1.1 2
0.03 mg of CdCl2/l + 2 mg of zinc acetate/l + 300 mg vitamin
C/kg of dry weight
2.1 3
Number of ﬁsh was 100 in each treatment.Contrary to the fertilization and hatching rates, the per-
centage of deformed eggs followed an opposite trend
(Table 1). It increased in the trials treated with heavy metals
compared to the control group. The highest value of deformed
eggs was recorded in case of the mixture of both heavy metals
(28 ± 0.186). The supplementation with vitamin C decreased
the percentage of the deformed forms (14 ± 0.816), but they
still remained higher than those in the control group
(5 ± 0.816).
Growth rate
Difference between the averages of total lengths and body
weights of larvae (21 days post-hatching) in the control group
and those exposed to pollutants (either high dose of cadmium
chloride (0.06 mg of cadmium/l) or those mixed with 2 mg of
zinc acetate at the same age and period) were found to be sig-
niﬁcant. In the larvae exposed to cadmium chloride (0.03 mg/
l), zinc acetate (2 mg/l) and vitamin C (300 mg/kg of dry
weight), insigniﬁcant difference was recorded when compared
to the control group (Table 2).
60 days post-hatching, the fry were either treated with high
doses levels of cadmium chloride (0.03–0.06 mg/l) or with that
mixed with zinc acetate (2 mg/l). Table 3 shows the lowest
growth rate value (1.420 ± 0.272) compared to the control
group.
Survival rate
The lowest value of survival rate was recorded after a period of
21 days and 60 days post-hatching in groups that were treatedir mixture on the rate of growth of common carp, Cyprinus carpio
n length (cm) Growth in weight (g) Survival rate
(%)
Avg. ± SD
ax. Avg. ± SD Min. Max. Avg. ± SD
1 1.476 ± 0.321 0.016 0.152 0.102 ± 0.038 86 ± 0.816
2 1.219 ± 0.394 0.081 0.132 0.092 ± 0.0162 71 ± 1.77
6 1.142 ± 0.267 0.052 0.135 0.082 ± 0.027 63 ± 3.51
5 1.012 ± 0.251 0.052 0.123 0.074 ± 0.015 51 ± 1.53
0 1.292 ± 0.307 0.07 0.151 0.115 ± 0.023 72 ± 0.816
eir mixture on growth of common carp, C. carpio 60 days post-
in length (cm) Growth in weight (g) Survival rate
(%)
Avg. ± SD
ax. Avg. ± SD Min. Max. Avg. ± SD
.5 4.06 ± 1.01 2.3 4.0 3.36 ± 0.591 91 ± 1.247
.8 3.07 ± 0.621 1.5 3.3 2.27 ± 0.575 71 ± 1.240
.9 2.301 ± 0.397 1.5 2.5 1.988 ± 0.355 53 ± 1.632
.0 1.560 ± 0.306 1.2 1.8 1.420 ± 0.272 34 ± 1.247
.5 2.960 ± 0.394 1.9 2.8 2.52 ± 0.280 71 ± 1.247
c 
b 
d 
a 
Figure 1 Embryonic deformation of common carp. (a) Spine curvature; (b) incomplete eye pigmentation; (c) lack of tail; (d) lack of
head.
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zinc acetate (0.03 mg CdCl2/l + 2 mg zinc acetate/l). High sig-
niﬁcant difference was recorded between the treated group and
the control group (P< 0.05) as shown in Tables 2 and 3. After
treatment with cadmium chloride (0.03 mg/l), zinc acetate
(2 mg/l) and vitamin C (300 mg/kg of dry feed), the healthy
conditions of the ﬁsh improved, so the average of the survival
rate increased to 71 ± 1.247 and an insigniﬁcant difference
was detected between the survival rate of the control larvae
and those exposed to the heavy metal supplemented with vita-
min C (P< 0.05).
Effect of heavy metals on embryonic development
Upon exposure of common carp embryos (25–36 h after fertil-
ization) to polluted water (0.03 mg of CdCl2 and 2 mg of zinc
acetate/l), retardation in the developmental stages of eye pig-
mentation and spine curvature was evident (Fig. 1a and b).
The inﬂuence of heavy metals was most pronounced during
the hatching process as shown in Table 1. The most commonly
observed was the malformation including craniofacial anoma-
lies, lack of tail formation and head (Fig. 1c and d). Addition
of vitamin C caused mitigation to the effect of the pollution.
Thus, no statistical differences were recorded between the
group of heavy metals supplemented with vitamin C (300 mg
of vitamin C/kg of dry feed) and the control group (P< 0.05).
Size and quality of newly hatched larvae
The larvae showed malformation in the yolk sac, slight cur-
vature in vertebral column, incomplete eye pigmentation,
and body shortening (Fig. 2a–c). Body malformation and
cardiac edema were so severe that the larvae were not able
to swim and feed; they ﬁnally died after yolk sac resorption
(Fig. 2d).Histopathology of treated kidney
The kidney of the control group (21 days post-hatching) con-
sisted of functional units of nephrons. Each of which consisted
of renal corpuscles and renal tubules. The renal corpuscle com-
prised glomerulus and Bowman’s capsule. The renal tubules
comprised proximal, distal, and collecting tubules. There was
hematopoietic tissue enriched between interstices of these
tubules. No abnormalities were observed in the kidneys of
the control group (Fig. 3A). Lesions were observed in the kid-
ney tissue (30 days post-hatching) that were exposed to heavy
metals especially at high concentrations (0.06 mg CdCl2/l of
water) were detected. The most important changes found in
common carp kidney were glomerular expansions and reduc-
tion of Bowman’s space (Fig. 3B). Degeneration of epithelial
cells of renal tubules was also observed. Hypertrophy of
epithelial cells in some renal tubules, and the narrowing and
occlusion in tubular lumen were also recorded. After a long
period of exposure, the kidney lost its function and the mortal-
ity rate increased (Fig. 3C).
After treatment of the mixture of heavy metal (0.06 mg
CdCl2 and 2 mg of zinc acetate) with vitamin C, a moderate
improvement in the treated kidney was observed in the epithe-
lial cells of renal tubules in the tissues of Bowman’s capsules
(Fig. 3D).
Histopathology of treated liver
The liver of control C. carpio larvae (30 days post-hatching)
exhibited a normal architecture, a homogenous cytoplasm,
and a large central or sub-central of spherical nucleus. Blood
sinusoids were scattered between two or three hepatocyte cells.
These small vessels aggregated together to pour into large
blood vessels or the so-called hepatic portal vein. The
hepatopancreas simultaneously appeared adjacent to the large
a b
c d
Figure 2 Deformed larvae of common carp. (a) Lateral spine curvature; (b) yolk sac malformation; (c) body shortening; (d) cardiac
edema.
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Figure 3 Photomicrograph sections in control and treated kidney of common carp ﬁsh (21–60 days) post-hatching. (A) Control kidney
of common carp ﬁsh (21 day post-hatching), showing normal structure of kidney with built hemopoietic tissue, normal renal corpuscle
composed of the glomerulus (G) and the Bowman’s space (BC) and renal tubules (RT), H&E ·400. (B) Kidney of common carp ﬁsh
exposed to 0.06 mg/l CdCl2 for 30 days showing, reduction of Bowman’s capsule (BCa) and decreasing diameter of renal tubule (RT),
H&E ·400. (C) Kidney of common carp ﬁsh exposed to 0.03 mg/l of CdCl2 and 2.0 mg/l of zinc acetate for 45 days, showing reduction in
bowman’s space (BS) and acute cellular degeneration and occlusion of the tubular lumen (TL), H&E ·400. (D) Kidney of common carp
ﬁsh exposed to 0.03 mg/l of CdCl2 and 2 mg/l of zinc acetate and supplemented with 300 mg of vitamin C/kg of dry feed for 60 days,
showing a moderately improvement either in the epithelial cells of renal tubules (RT) or in the tissue of Bowman’s capsules (BCa), H&E
·400.
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of control ﬁsh 30 days post hatching (Fig. 4A). The main
alterations were observed in the liver treated with heavy metals
either singularly with CdCl2 or mixed with zinc acetate. The
livers of ﬁsh that were exposed to heavy metal for 30 days weremorphologically abnormal with pale to dark brown color.
Comprising hepatocytes had irregular-shaped nuclei. The
nucleus appeared hypertrophic; vacuolations were also
observed in the cytoplasm of the hepatocytes (Fig. 4B).
Other changes that occurred in the treated tissues of the liver
B
A
A B
A
C
C D
BCo
D
ND
BCo
DH
E F
Figure 4 Photomicrograph sections in control and treated liver of common carp ﬁsh (30–60) days post hatching. (A) A control liver of
common carp ﬁsh (30 days), showing normal structure of liver with built granular cytoplasm (GC) and centrally placed nuclei (CPN|),
hepato-pancreas contained blood cells (HP), H&E ·400. (B) Liver of common carp exposed to 0.06 mg/l of CdCl2 for 30 days, showing
hepatocyte (H) appears hypertrophy, irregular nuclei (N) and vacuolations were observed in hepatocyte cell (V), H&E ·400. (C) Liver of
common carp ﬁsh exposed to 0.06 mg/l of CdCl2 for 45 days, showing blood sinusoids (BS) and nuclear degeneration (ND), H&E ·400.
(D) Liver of common carp ﬁsh (30 days post-hatching) exposed to 0.03 CdCl2 and 2 mg/l of zinc acetate/l, showing glycogen granules
aggregated in weakly reaction in close to hepato-pancreas (HP), blood congestion (BCo) and degenerated hepatocyte cells (DH) were
observed. (PAS) reaction countered stain with hematoxylin ·400). (E) Liver of common carp ﬁsh exposed to 0.03 mg/l of CdCl2 and 2 mg/l
of zinc acetate and 300 mg of vitamin C/kg of dry feed for 45 days, showing recovery state in most of hepatocyte cells (H), hepato-
pancreas (HP) contains number of blood cells, few number of degenerated nuclei (DN), and H&E ·400. (F) Liver of common carp ﬁsh
exposed to 0.03 mg/l of CdCl2 and 2 mg/l of zinc acetate and 300 mg of vitamin C for 60 days, showing some of degenerated of hepatocyte
cells and most of hepatocytes appear in normal condition, blood sinusoids (BS) contained number of blood cells (BC), H&E ·400.
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also observed (Fig. 4C). PAS reaction showed depletion of
glycogen granules in hepatocytes was well observed
(Fig. 4D). After the addition of vitamin C (300 mg/kg of dry
feed) to the polluted water with the mixture of Cd and Zn,
some improvement was observed in the tissues of livers of trea-
ted ﬁsh after 45–60 days (Fig. 4 E and F).Discussion
Early developmental stages of ﬁsh are sensitive to polluted
water. Waterborne heavy metals have a great effect on various
developmental processes during embryonic period whichresults in a reduction of offspring quantity and quality
(Jezierska et al., 2009), and this effect of heavy metals mainly
depends on the dose of the pollutant and the time of exposure.
In the present study, C. carpio embryos were exposed to
0.03–0.06/l of Cd singly, or mixed with 2.0 mg/l of Zn. The
inﬂuence of metals was most pronounced during hatching pro-
cess, which may be inhibited or delayed. Similar results were
obtained by Lugowska and Jezierska (2000) and Lugowska
(2005) indicated that the delay occurred during organogenesis.
Wieteska et al. (1995), reported delayed hatching of common
carp embryos incubated at cadmium concentration over
0.01 mg dm3.
The retardation of hatching of common carp in the present
study probably results from the effect of heavy metals on the
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study showed that the most commonly observed malformation
included yolk sac malformation and curvature in the abdomi-
nal region. Similar results were obtained by Jezierska and
Gorzynska (1998) and Lugowska (2005).
The present study showed that the high mortality of
embryos occurred within a short period (24–35 h) after fertil-
ization. About 28% of embryos died, even under controlled
conditions (about 5%). These results are in concordance with
the ﬁndings of Lugowska (2005). According to Rombough and
Garside (1980), the sensitivity to intoxication may increase at
various stages of embryonic development. These authors
observed mortality from high cadmium after exposure of
Salmo salar embryos to cadmium during gastrulation, during
the development of vitelline blood circulation (cadmium dam-
aged the blood vessel), and just before hatching. On the other
hand, Shazili and Pascoe (1986) noted that the blastodisc stage
was more resistant to Cd, Cu, and Zn than the other stages.
These results agree with the present results on common carp
embryos in which high mortalities occurred within the ﬁrst
few hours of fertilization.
In the present study, larvae that were exposed to polluted
water with heavy metals, either Cd singly or mixed with Zn,
during embryonic development were smaller in size and had
a deformed shape. This may be attributed to the effect of
heavy metal on the metabolic process which led to a decrease
in larval growth. The data obtained by other authors also
showed that the larvae which hatched from eggs exposed to
heavy metals were smaller in size as compared to those of
the uncontaminated environment (WoodWorth and Pascoe,
1982; Somasundaram et al., 1984; Lugowska, 2005). Von
Westernhagen et al. (1974) stated that the larvae of Clupea
harengus that hatched in Cd contaminated water were smaller,
but had larger yolk sacs when compared to the control. In this
respect, Somasundaram et al. (1984) reported that C. harengus
larvae or eggs incubated in 6.0 and 12 mg dm3 of zinc were
signiﬁcantly shorter than the control.
The small sized larvae of the present study (5 mm length
and 7 day post-hatching) that were exposed to mixture of
heavy metals showed slight curvature in the vertebral column,
and had larger yolk sacs. Jezierska et al. (2000) reported that
15% of common carp larvae that hatched in contaminated
water were deformed, while those that were not exposed to
heavy metals had signiﬁcantly lower deformation rate.
Polluted water is more effective on some vital organs such
as kidneys and livers for their importance. This is why the
present study is concerned about the effect of polluted water
on these organs. First, kidney of control common carp consists
of functional units of nephrons; each nephron consists of a
renal corpuscle and renal tubules. The renal corpuscles com-
prised glomerulus and Bowman’s capsule. The renal tubules
comprised proximal, distal and collecting tubules.
The teleostean kidney is one of the ﬁrst organs to be
affected by contamination of water (Thophan et al., 2003).
In the present results, the most striking changes in the kidneys
of common carp (30–45 days of post-hatching) exposed to
heavy metals (Cd singly or mixed with Zn), were glomerular
expansion and reduction of Bowman’s space. Similar results
were obtained by Takashima and Hibiya (1995); they stated
that the most common alterations in the kidneys of ﬁsh
exposed to water contamination were tubular degeneration
and other changes such as dilatation of capillaries in theglomerulus, and reduction of Bowman’s space. In this respect,
exposure to metal frequently caused alteration in the tubules
and glomerulus such as described by Thophan et al. (2003).
In the present study, exposure of the common carp larvae to
contaminated water showed degeneration in some epithelial
cells of the renal tubules in addition to hypertrophy in
epithelial cells of some other renal tubules were detected.
Similar alterations were found by Veiga et al. (2002) on the
kidneys of other teleost ﬁshes. However, short period of
exposure may have no effect, because this phenomenon usually
starts from 2 to 4 weeks after exposure to stressor and could
even take 2 months to be completed (Gernhofer et al., 2001).
Our experiment was completed after 60 days of exposure to
the contamination.
The other vital organ affected was the liver which
exhibited a normal architecture similarly as described by
Muthukumaravel and Rajaraman (2013). No abnormalities
or alterations were found in the liver of control ﬁsh of the com-
mon carp. The main alterations such as irregular-shaped hep-
atocytes were found in the liver of treated ﬁsh with heavy
metals either Cd singly or when mixed with Zn. Cytoplasmic
vacuolations, and nucleus were close to the cell membrane as
also described in Siluriform ﬁsh by Fanta et al. (2003).
The histological lesions due to Cd and Zn poisoning were
reported also by (Van Dyk et al., 2008) in Oreochromis
mossambicus. The present study revealed hypertrophy in the
nucleus of hepatocytes and vacuolation inside the cytoplasm.
This is in accordance with Loganathan et al. (2006) and
Radhakrishnan and Hemalatha (2010) who also observed
histological changes in the liver of zinc treated Labeo rohita
and cadmium chloride treated Channa striatus. They also
observed the cytoplasmic vacuolization of hepatocytes and
congestion of blood vessels. As described in the present
results, the vacuoles in cytoplasm of hepatocytes may have
contained lipid and glycogen which are related to the meta-
bolic function of liver. Wilhelm Filho et al. (2001) stated that
depletion of glycogen in hepatocytes is usually reported in
stressed animals.
In the present study, vitamin C supplementation was used
to improve the quality and quantity of larvae and other vital
organs. The ability of vitamin C to improve the quality of ﬁsh
may cause an increase in the immunity and may prevent the
dangerous effects of heavy metals on these organs.
In conclusion, the present study showed the heavy metals’
effect on embryonic development and larval growth. The vital
organs such as livers and kidneys also showed malformation.
Vitamin C was used to decrease the effect of heavy
metals on ﬁsh. The histological lesions due to cadmium and
zinc poisoning are useful biomarker for environmental
contamination.References
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